Abstract: This work is concerned about introducing two new 1D and 3D confined potentials and present their solutions using the Tridiagonal Representation Approach (TRA). The wavefunction is written as a series in terms of square integrable basis functions which are expressed in terms of Jacobi polynomials. Moreover, the expansion coefficients are written in terms of new orthogonal polynomials that were introduced recently by Alhaidari, the analytical properties of these polynomials are yet to be derived. Moreover, we have computed the numerical eigen-energies for both potentials by considering specific choices of the potential parameters.
Introduction
Exactly solvable potentials in non-relativistic quantum mechanics enable us to gain much insight and deep understanding of physical phenomena due to the existence of a closed form solution of the quantum mechanical problem at hand. This is the reason why the search for exactly solvable potentials has been a subject of great importance since the early days of quantum mechanics [1] . Various methods have been devised for solving the stationary Schrodinger equation, the factorization method was originally introduced by Schrodinger [2] and is summarized in the classical work by Infeld and Hull [3] . The supersymmetric quantum mechanics approach (SUSY) generates exactly solvable quantum mechanical potentials in one dimension [4, 6] and higher dimensions [7] using symmetry ideas inspired from field theory [5] . A comprehensive review on supersymmetric quantum mechanics can be found in the book [8] . The tridiagonal representation approach (TRA) is based on a suitable choice of a complete basis set that is compatible with the physical domain of Schrodinger equation and enable this equation to be represented by a threeterm recursion relation for the wave function expansion coefficient [9] , hence building a strong link with the rich domain of orthogonal polynomials in mathematics literature.
In this work, we are interested in extending the solution space of Schrodinger equation by solving the wave equation for the following 3D and 1D confined potentials using the TRA 2 ( ) ( ) ( ) well-known hyperbolic Pöschl-Teller potential which was solved analytically in the literature using different methods [10, 11] . Thus, in our present work, we will only consider the case when 2 0 V  , which, up to our knowledge, was never reported in literature.
The organization of this article goes as follows. In section 2, we present the TRA formulation of the problem with the focus on the potential (1.1). Then, in the third section, we give an approximate analytical solution of Schrodinger equation for nonzero angular momentum case for the 3D confined potential. On the other hand, the potential (1.2) is discussed in detail in the fourth section.
Finally, we present our conclusion in the fifth section.
TRA Derivations
Starting with the effective stationary 1D radial Schrodinger equation [12] [13] [14] Next, we expand the wavefunction in terms of square integrable basis functions
are functions of the energy and the potential parameters which to be determined later [15] [16] [17] [18] . Here we are assuming a discrete energy spectrum, in case of the presence of an additional continuous spectrum the wave function will be expanded in both discrete and continuous Fourier components keeping in mind that discrete and continuous energy spectra do not overlap. A suitable choice of basis functions for 1 y  is given in terms of Jacobi polynomials as follows [19] ( ) ( )
where ( ) . The square integrability is guaranteed by the following orthogonality relation [19] ( ) ( ) 
Using the orthogonality relation (2.4), along with the differential equation for the Jacobi polynomials we the require the above matrix element to be tridiagonal, this will result in three possibilities: a) 
Using the three-term recursion relation of Jacobi polynomials [20] , we find that Eq. 
which is the same spectrum formula of the hyperbolic Pöschl -Teller potential [10, 11] . Knowing that the hyperbolic Pöschl -Teller potential has a continuous energy spectrum or a mix of discrete and continuous spectra depending on the values the potential parameters then n can be continuous or discrete in the above formula. In addition, the finite size of the spectrum (2.13) is explained as follows. Recall that in this formalism, Jacobi polynomials are defined as 
Using this result together with (2.11), we write the following three-term recursion relation of the coefficients
By making the transformation In the next section we present an approximate solution of the wave equation for the case of nonzero angular momentum quantum number.
Approximate analytical solution of the wave equation for the arbitrary l-wave case
The radial Schrodinger equation reads ( ) where we plotted the effective potential for different values of the angular momentum as shown in Figure 1 . In the presence of centrifugal term, one needs to use approximations of the centrifugal term to allow analytical solutions of the wave equation (3. support resonance states mathematically however due to the large potential barrier it will not be able to be realized practically. A more careful mathematical analysis however will be desirable to support these arguments.
Here, we are interested in 2 0 V  in which the system has only bound states. The lack of analytic properties of the new polynomial makes it hard to express the eigenvalues and the other properties of this system in compact form [21, 23] . Thus, we rely on numerical solutions at this stage. Generally, within the TRA, we usually rewrite the three-term recursion relation in matrix form as
where T is a tridiagonal symmetric matrix whose elements for the current problem takes the following form 2/ E  =
. We vary the size of the matrix (3.5) until we observe convergence in its eigenvalues which are related to the actual energies of (3.3) by considering the eigenvalue equation (3.4) . However, in this special case, the matrix size is constrained by the parameters. Consequently, we rely on other techniques to obtain the eigenenergies as in Appendix A. As an illustration, we tabulated the lowest few energies for different choices of the potential parameters and different values of the angular momentum as shown in Table 1 and Table 2 . We should note that it is still possible to use the usual TRA method (Equations (3.4) and (3.5)) for certain choices of the potential parameters at which the maximum possible value of N becomes large, see Table 5 which is related to the potential (1.2) which will be discussed in the following section.
The infinite 1D hyperbolic potential well
It turns out that all the calculations in section 2 are correct even if the physical space becomes the whole real line because ( )
However, a factor of 2 appears in the J-matrix for this case which does not affect the overall calculations, i.e. 
where the plus sign corresponds to the even states, the minus is for the odd states, and
is the normalized solution of Eq. (4.1) which reads Table 5 . In addition, we plotted the unnormalized wavefunction for the lowest four states as in Figure 4 for the same parameters taken in Tables 3 and 4.
Conclusions
In this work, we have extended the class of solutions of Schrodinger equation with two new potentials using the TRA. The wavefunctions were expressed as a series in terms of Jacobi polynomials with the expansion coefficients written in terms of new orthogonal polynomials introduced by Alhaidari very recently [21] . The analytical properties of these polynomials are not yet known, however getting their properties in compact form allows us to write the corresponding bound state energy, scattering phase shift and other properties of the system in closed forms. We have also confirmed that the new potential (1.1) with 2 0 V  will not support any bound or scattering states, even resonance state will not be able to be realized practically. A more careful mathematical analysis however will be desirable to support these arguments.
Finally, we look forward that our present findings can be used in some applications in real physical systems.
where 
Next, we use the same basis set define in Section 2, which read ( ) ( ) 
 =+
). Table 5 : The convergence of the lowest few energies computed numerically for the potential (1.2) using Eqs. 
